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An important edifice in the community of late 19-century mathematics was 
built by Weierstrass and his circle, including Gfsta Mittag-Leffler, Paul du Bois- 
Reymond, Hermann Amandus Schwarz, Sofya Kovalevskaya, and others. The 
structural plan and much of the framework of this edifice were created by Weier- 
strass himself, but his students howed great creativity in fitting their own ideas 
into the general design. The unique features of the Weierstrassian school, its 
striving for clarity of basic principles and purity of method on the basis of algebraic 
ideas, and its relation to other approaches to the same subject matter in the works 
of Riemann and Kronecker provide a vast field for historical investigation. Just 
how vast cannot be gauged merely from the published works of the principals 
involved, for there are large amounts of unpublished material scattered all around 
the world, much of which the historian is likely to encounter only by accident. 
To give just one example, Weierstrass' 1881 course in analytic function theory 
was attended by one Archibald Daniels of Hudson, Michigan. Upon his return to 
America in 1885 Daniels found a position at Princeton University, replacing Henry 
Burchard Fine, who had gone on leave. From Princeton, Daniels was hired by 
the University of Vermont, where he taught until his retirement in 1914. His 
transcript of Weierstrass' course is now in the possession of his grandson, 
R. V. Daniels, who recently retired as Professor of History from the University 
of Vermont. 
The number of people like Archibald Daniels, who once attended a Weierstrass 
course and preserved and passed on their notes, must be considerable, but the 
probability of discovering the present whereabouts of an individual set of notes 
is discouragingly small. Fortunately there are "mother lodes," such as the Institut 
Mittag-Leffler, whose archival treasures were first publicized by Grattan-Guinness 
[3]. The work of correlating, analyzing, and (with luck) publishing this material 
remains to be undertaken so that the definitive history of the Weierstrass school can 
be written. The large amount already published ([7], the samples of correspondence 
published by Mittag-Leffler [6], and the biographical works by P. Ya. Kochina 
[4] and others) tells what kind of information to look for, but the real key to 
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understanding both the mathematical nd the societal context of the many facets 
of the Weierstrass chool must come from their correspondence, especially with 
one another. Of all Weierstrass' correspondence, the letters to Kovalevskaya 
were by far the most revealing of the personality and thoughts of the master. Both 
emotionally and mathematically his relation with her was closer than with anyone 
else. With her he could discuss freely his relation with his other students, because 
he could rely on her discretion and because she was on cordial terms with all of 
them. (Among his other students there was occasional strifewespecially between 
Schwarz and Mittag-Leffler.) 
It is unfortunate that we have only half of this correspondence. In [6] Mittag- 
Leffler writes that Weierstrass burned Kovalevskaya's letters to him when he 
learned of her death, out of a strong conviction that historians and biographers 
ought to confine themselves to published material and not invade the privacy of 
the dead. With Weierstrass' consent, however, his letters to Kovalevskaya were 
kept by Mittag-Leffler. These were published twenty years ago together with a 
Russian translation by P. Ya. Kochina [5]. In view of this fact, one might well 
wonder if it is worth the effort to undertake an entirely new publication. Besides 
the fact that Kochina's commentaries are in Russian, and hence not as accessible 
to as many scholars as one might wish, there are two counts on which the present 
work is justified. 
First of all, the author has earned the right to present this material to the reading 
public. He was the only researcher patient enough to search the nooks and crannies 
of the Institut Mittag-Leffler and find the (apparently) only draft copy of a letter 
from Kovalevskaya to Weierstrass (see [17]). Given that we could have only one 
of her letters to her teacher, it is fortunate that the letter in question was written 
at the pivotal time of her life--just after she had become the first woman professor 
in Europe, in the autumn of 1883. 
Second, the present work is much more informative than its predecessor for a 
variety of reasons. As Koch tells us in the foreword, Kochina herself has taken 
a lively interest in this project and provided material to the author and publisher. 
From Weierstrass' half of the correspondence and Kovalevskaya's correspon- 
dence with other mathematicians it is possible to reconstruct part of the burned 
letters. The letters are naturally arranged chronologically; and whenever the exis- 
tence of a lost letter can be ascertained from the surviving correspondence or
other sources, the author inserts a summary of the apparent contents of the given 
letter. In addition, each letter is extensively annotated and accompanied by its 
archival number at the Institut Mittag-Leffler and a number of notes. The author 
provides a very well-written and informative introduction to the letters, a list of 
important dates in the lives of Kovalevskaya and Weierstrass, a list of 160 known 
letters in the correspondence (plus three others of whose existence the author 
learned only after the book was complete), and three appendices. The first of 
these appendices i a letter from H. A. Schwarz to Weierstrass in 1874 praising 
Kovalevskaya's doctoral dissertation. The second is a letter from Weierstrass to 
Mittag-Leffler written in August 1883, just after the appearance of the first volume 
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of the Acta Mathematica under Mittag-Leffler's editorship and just before Kova- 
levskaya went to Stockholm. It is in this letter, in fact, that Weierstrass makes 
the arrangements with Mittag-Leffler for Kovalevskaya's appointment in Stock- 
holm. The third and last appendix is the fragment of a draft of Kovalevskaya's 
letter to Weierstrass in December 1883, mentioned above. The book also contains 
very detailed name and subject indices, portraits of the two correspondents, 
several facsimiles of their letters (one from Kovalevskaya to Weierstrass' sister 
Clara), and a copy of an article in the National-Zeitung of February 1, 1889, 
written by Paul du Bois-Reymond and reporting the awarding of the Bordin Prize 
of the Paris Academy to Kovalevskaya in December 1888. 
The heart of the work is, of course, the letters themselves. Some of these are 
filled with the necessary details of everyday business--arranging appointments 
and cancelling them. Even these, however, have an intrinsic interest that is irresist- 
ible to those who know the two correspondents. Reading these letters, one cannot 
help imagining the world in which they were written, Weierstrass continually 
complaining of his health or confiding to Kovalevskaya his private feelings about 
mutual acquaintances, the value of the work of other mathematicians, and his 
own latest projects. The author's annotations are a treasure trove of interesting 
facts, illuminating what is obscure in the letters. When Weierstrass declines to 
comment on "Herr S." (letter 138, May 1885, p. 338), the author explains to us 
that Mittag-Leffler was considering Karl Schering as the successor to the recently 
deceased Holmgren at the University of Stockholm. When Weierstrass tells Kova- 
levskaya (letter 68, September 1874, p. 153) that he hopes to bring Kirchhoff 
from Heidelberg to Berlin in order to give him the necessary leisure to write a 
comprehensive treatise on mathematical physics, the author fills in the details for 
us, reporting that Kirchhoff became Ordinarius at the University of Berlin the 
following spring. Where Weierstrass complains (letter 95, October 1880, p. 237) 
that he must undertake xtra projects such as the editing of Jacobi's collected 
works in order to augment his income, the author tells us that Weierstrass' first 
salary as Extraordinarius in 1855 was 500 Taler per year, while Kummer (as 
Ordinarius) received 1500 and even so was obliged to teach additional classes at 
the Military Academy. Without such details, these letters would be tantalizing 
and frustrating to read. With them, the reading becomes a delight. All in all, the 
work leaves nothing to be desired for completeness and clarity. 
What use can the historian make of this wonderful piece of scholarship? There 
are several possible areas of application. One is the practical side of the mathemati- 
cal profession. Because of the intimacy and mutual confidence between Weier- 
strass and Kovalevskaya, and the extended period of the correspondence, these 
letters give an insight into the actual practice of mathematics in 19th-century 
Berlin that is difficult to obtain from other sources. In April 1875, for example 
(letter 78, p. 200), when Weierstrass learned that Darboux had duplicated some 
of Kovalevskaya's work on analytic solutions of differential equations, he tells 
her that he sent a copy of her dissertation to Darboux and another to Hermite, 
without comment, and is now waiting to see if they will acknowledge her priority. 
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(Somewhat ungenerously he suggests that they will try to hush up the whole 
affair.) He goes on to say that the mathematicians and physicists in G6ttingen 
had supported the awarding of a degree to Kovalevskaya nd her friend, Julia 
Lermontova (in chemistry), while the philologists and historians had been opposed. 
The leader of the opposition was one professor Pauli, who had acquired his 
opinions against the emancipation of women while in England. Pauli was so 
impressed by Lermontova's performance at her public examination, however, 
that he changed his vote. Weierstrass reports that Lermontova had done much 
to remove the prejudice against he study of science by women. 
Views on the philosophy of mathematics can also be found in this correspon- 
dence. For example in letter 136 (March 1885, p. 330), Weierstrass quotes Kro- 
necker's famous claim that, if enough time and strength are granted to him, he 
would yet show that arithmetic ould point the way to analysis as well as algebra. 
The author traces this quotation from a letter of Kronecker to Schwarz and thence 
to a letter from Schwarz to Weierstrass. In his views of the practice of mathematics 
Weierstrass did not mince words, saying very frankly (letter 74, January 1875, p. 
174) that the subject of quaternions i trivial and pitying the British students who 
were forced to learn it while Hamilton was alive. 
A third topic of interest is the genesis of mathematical ideas--here one can 
trace the origins of many of Weierstrass' ideas as Weierstrass himself remembered 
them. For example (letter 49, May 1874, pp. 121-124) Weierstrass writes to Kova- 
levskaya of his discovery that the one-dimensional heat equation has solutions of 
the form 
~(x, t) - I 1 f+~f(X)e_CX_x~2/4 ,dh
2V-  V7 
which are expressible as convergent power series in x with coefficients that are 
regular functions of t. This letter thus dates his discovery of what is now called 
Gauss-Weierstrass ummation of Fourier integrals. The connection of this topic 
with its origins in the theory of differential equations in the complex domain is 
now mostly lost. (Until Kovalevskaya showed him otherwise with an example 
involving the one-dimensional heat equation, Weierstrass had taken for granted 
that solutions of the classical partial differential equations of mathematical physics 
with suitable analytic initial conditions would be analytic functions.) 
A fourth topic is the corpus of unpublished ideas left behind by Weierstrass. 
In a letter of May 1885 (letter 138, pp. 338-339), Weierstrass expresses his ideas 
on the deficiencies of the Riemann integral and sketches a theory equivalent to 
the Darboux integral. At the same time, he states that any continuous function 
on an interval [a, b] can be written as a linear function plus an absolutely and 
uniformly convergent series of trigonometric polynomials which could be re- 
arranged to form a (generally divergent) Fourier series. This result is, of course, 
the Weierstrass approximation theorem for continuous functions. As the letter 
shows, however, Weierstrass was very interested in the possible extensions of 
the theorem to discontinuous functions as well. There are several references in 
the letters and in the author's commentary to Weierstrass' tudy of the stability 
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of the planetary system. For example, in a letter written to Mittag-Leffler in 
November 1881 (see [2, 95-96]), Kovalevskaya cites this work as her point of 
departure for the study of the rotation problem for which she was to win the 
Bordin prize in 1888. Mittag-Leffler also mentions Weierstrass' ideas on the three- 
body problem [6, 257-258]. One would like to find all of Weierstrass' ideas on 
this subject collected in one place, if the relevant documents could be assembled. 
Finally, a very important aspect of these letters is personal. Weierstrass shows 
through in this correspondence, with all his integrity, brilliance, and prejudices. 
Kovalevskaya appears only in reflection, when Weierstrass upbraids her gently 
(letter 138, May 1885, p. 336) for being far too stingy in communicating ews of 
herself and her health to him and his sisters. The intimate relation between them, 
however, is clearly expressed, especially in the letters from Kovalevskaya's stu- 
dent days. During part of this time, Weierstrass was preoccupied with administra- 
tive duties as rector of the University of Berlin. Perhaps it was the drabness of 
the administrative duties he was about to undertake, together with the charm of 
Kovalevskaya's youth, that inspired Weierstrass to such heights of lyricism as in 
August 1873 (letter 30, pp. 93-96): 
During my stay here [in SaBnitz] I have thought about you very often, 
and imagined how wonderful it would be if only I could spend a few 
weeks with you, my dearest friend, in such a magnificent atural setting. 
How wonderful it would be for us here--you with your imaginative 
mind, I stimulated and refreshed by your enthusiasm--dreams and 
flights of fancy about so many puzzles that remain for us to solve, 
about finite and infinite spaces, the stability of the solar system, and 
all the other great problems of the mathematics and physics of the 
future. However, I learned long ago to resign myself if not every beauti- 
ful dream comes true. [p. 95] 
The juxtaposition ofsuch beautiful sentiments with profound mathematical ideas 
and revelations of the inside world of 19th-century mathematics will make the 
volume under review a valuable resource for mathematicians and historians of 
mathematics for years to come. 
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